The sunshine vitamin -"Vitamin D" is a subject of interest that attracted researcher's attention in the past few decades. Vitamin D is a fat-soluble vitamin and also a nutrient which increases the calcium absorption and plays an important part in the maintenance of body's immune system and bone formation. However, the deficiency of Vitamin D, also known as hypovitaminosis D, will affect various body parts such as the brain, heart, muscle, immune system, and bones. Thus, the deficiency leads to severe conditions such as osteopenia, osteoporosis, rickets (in children), hypertension, fractures and falls in adults, cancers, diabetes, autoimmune diseases, infections, and neurological disorders. An effective approach for the deficiency prevention is the thorough understanding of Vitamin D sources, Vitamin D serum levels, and deficiency symptoms, linked with different pathological conditions, requirement and maintenance in the body, sunlight exposure duration, and effective treatment dose. Therefore, the present review will lay an emphasis on the role of Vitamin D, the reasons for its deficiency, available sources, and treatment options reported so far.
INTRODUCTION
N owadays, Vitamin D deficiency affects 50% of the population worldwide. The main reason for its deficiency is the change of lifestyle, i.e. increase in sunscreen use and environmental factors such as reducing the time for exposure to sunlight, which is required for ultraviolet (UV) B rays to induce the production of Vitamin D in the skin. The people who are having black skin require more exposure to the skin for the production of Vitamin D as compared to the white ones. [1] Insufficient Vitamin D will lead to the condition of hypovitaminosis D and the latter is linked with numerous conditions of the body; these are cancer, heart diseases, Type 2 diabetes, probability of stress fractures, autoimmune disease, influenza, and depression. [2] 
Vitamin D -Synthesis and Metabolism
Vitamin D is available in two forms: Vitamin D 3 (cholecalciferol) and Vitamin D 2 (ergocalciferol). Vitamin D 3 is a natural occurring form and produced in skin cells from 7-dehydrocholesterol underneath the UV light, and Vitamin D 2 is produced from the natural sterol, i.e. ergosterol.
Vitamin D 3 is metabolized in a two-step non-catalytic process favored by UV light and level of skin pigmentation, into 25-hydroxyvitamin D (25OHD) and then to 1,25-dihydroxyvitamin D (1,25(OH) 2 D) which is a hormonal form and increases the intestinal calcium absorption, while Vitamin D 2 is metabolized to 25(OH)D in the liver and then to 1,25(OH) 2 D in the kidneys from ergosterol, [3, 4] as shown in Figure 1 . The presence of melanin in the skin cells limits the Vitamin D 3 production by blocking the UV rays which affect in the synthesis process. Hence, wearing full sleeves clothes and use of sunscreen too confine its production. In our body, some tissues such as breast, macrophages, colon,
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prostate, brain, and others have the enzyme which helps in the 1,25(OH) 2 D formation. [4, 5] The production of 1,25(OH) 2 D in non-calcium regulating tissues is helpful in controlling the cellular differentiation and cell growth and reduces the risk of cells to transform further into a malignant state. [6] Production of Vitamin D inhibits the cancer cell growth and induces the condition of apoptosis. [6, 7] 1,25(OH) 2 D plays an important role in the kidneys by inhibiting the production of renin [8] and possesses an immune modulatory activity on activated B and T lymphocytes as well as monocytes. [9, 10] 
Vitamin D -Levels and Functions
Vitamin D dose of 30 ng/mL or 75 nmol/L or 800-1000 IU Vitamin D 3 is required to maintain its level in adults, and <12 ng/mL or 30 nmol/L shows deficiency of Vitamin D. Sunlight exposures are required so that UV B rays can induce Vitamin D production in the skin in a natural way. Various levels and functions of Vitamin D are depicted in Figure 2 .
VITAMIN D SOURCES
There are numerous sources available for Vitamin D such as direct sunlight, diet sources (animal and natural sources), and Vitamin D supplements available in the market.
Sunlight
Sunlight is also called as sunshine vitamin because direct exposure to sunlight leads to Vitamin D formation in the skin cells. Sunlight is one of the natural ways to prevent the deficiency of Vitamin D and skin required sunlight exposure production of Vitamin D. Numerous factors such as skin pigmentation, topical use of sunscreen, age, latitude, zenith angle of sun, duration of sunlight exposure, length of the clothes, and head covering as per the religious culture and season of a year influence the Vitamin D production in the skin. [11, 12] 
Diet Sources
Vitamin D can be obtained from both animal and natural sources as shown in Figure 3 . There are different animal sources such as salmon fish, mackerel fish, and cod liver oil. [13] Natural sources of Vitamin D are obtained from milk, fruit juices, breads, yogurts, and cheese.
Vitamin D Market Supplements
Vitamin D is obtained from supplements available in the market. Multivitamins generally contain 400 IU, 800 IU, and 1000 IU Vitamin D, but nowadays various supplements containing only Vitamin D are available in different IU, such as 400 IU, 1000 IU, 2000 IU, 4000 IU, 5000 IU, and 50000 IU Vitamin D3. [14] 
DEFICIENCY OF VITAMIN D AND ITS SYMPTOMS
Insufficient Vitamin D from the sources or its deficiency will lead to different types of diseases in different age groups and gender, as shown in Table 1 . For maintenance of Vitamin D status in the body, only natural source is not sufficient, and there is a requirement of both sunlight and Vitamin D fortified rich food.
The daily Vitamin D supplement for breastfed infants is 400 IU from mother's milk to prevent rickets in the body and for the maintenance of bones and calcium levels. Adults too are facing high threat of Vitamin D insufficiency with an increase in age. With aging, their skin is not able to synthesize sufficient Vitamin D. Moreover, they limit themselves indoors with less exposure to sunlight and less dietary intake of animal sources. As a whole, this leads to weakness, reduced mineral density, musculoskeletal pain, osteoporosis, and high chances of fractures and falls. [15] Lately, this deficiency linked with several health issues such as Type-2 diabetes, sleep disorders, cancer, fractures, cardiovascular diseases, muscle weakness, painful joints, and asthma and their symptoms from mild-to-severe will prevail, as shown in Figure 4 .
REASONS -VITAMIN D DEFICIENCY
There are a number of reasons for Vitamin D deficiency. Some main causes are limited sun exposure, vegetarian diet, darker skin, lifestyle, and obesity, as shown in Figure 5 . The reasons for these causes are discussed as follows: 1. People who spend their time indoors or wear clothes that cover a large portion of the skin will have more chances of Vitamin D deficiency due to lack of sunlight exposure. 2. People who are vegetarian having more chances of Vitamin D deficiency because a major Vitamin D source is based on animal such as fish, egg yolks, and fish oil. 3. The people who are having dark skin and a higher level of melanin reduce their ability to form previtamin D3. As with sunlight exposure, melanin competes with provitamin D3 form available and limits its photolysis to form previtamin D3. 4. Obesity is another major cause of Vitamin D deficiency because it is fat-soluble and easily absorbed from blood by fat cells.
[10]
PREVENTION AND TREATMENT OF VITAMIN D DEFICIENCY
Sunlight is one of the major Vitamin D sources which will help the skin to produce sufficient Vitamin D usually required for bone formation and its strengthening, reduce inflammation, boost up the immunity, and give protection against cancer of the skin. Sunlight emits the high-energy UV photons which will penetrate into the layer of epidermis and photolyze the provitamin D3 to previtamin D3. The latter isomerizes to form Vitamin D3 in 2-3 days.
Daily exposure to sunlight for 10-30 min twice a week is very helpful in Vitamin D production in 10-3 PM without sunscreen. Peoples who are having fair skin should get exposure to the sun in the cooler months.
[16]
People should sit in open for Vitamin D production from sunlight exposure because getting sunlight through a glass window will block the UV B rays as glass window absorbs the same and will not allowed to reach to the skin.
Furthermore, the use of sunscreen must be avoided during sunlight exposure for 10-30 min because the sun protection factor present in the sunscreen blocks the UV B ray absorption capability of the skin which is going to affect the production of Vitamin D. [17] Some natural occurring foods which are Vitamin D source are raspberries, blueberries, and pomegranates. Some milk products such as cheese and yogurt are also rich in Vitamin D. Almond milk is having 100 IU Vitamin D which is a healthy alternative source of cow's milk. These foods are rich in antioxidants and essential fats which will protect the skin damage from the sun and strengthen the skin cells and protect them from sun damage. Mushroom is also one of the sources of Vitamin D2 which will produce with UV B rays from sunlight. Some fishes such as salmon, trout, mackerel, tuna, and eel are a very rich source of Vitamin D.
[18]
Vitamin D deficiency can be overcomed by taking cholecalciferol, which is available in the form of suspension, capsule, sachet, and injectable form. Cholecalciferol is also included in many fixed-dose combinations of calcium and vitamins as shown in Table 2 . [18, 19] A combination of sunlight exposure, nutrition, food, and supplements is required for sufficient Vitamin D level in humans throughout the year. [20, 21] Different delivery systems reported for the treatment of Vitamin D by numerous scientists are shown in Table 3 .
CONCLUSION
In today world, Vitamin D deficiency is increasing day by day due to unawareness of the peoples regarding sun exposure and Vitamin D-enriched food intake. This deficiency is common in all age groups, and various factors aggravate the condition and lead to insufficiency. Exposure to sunlight is having the major role in providing sufficient amount of Vitamin D. Everyone should sit in the sun at least for 15 min daily without applying sunscreen so that UV B rays reach to the skin and Vitamin D production will be there. Some plant and animal sources are also there in which a sufficient amount of Vitamin D is present such as fishes, mushroom, and milk products. Different dosage forms are available in the market for the treatment of the hypovitaminosis D such as tablets, capsules, injectables, suspensions, sachets, transdermal patches, nanostructured lipid carriers, and emulsions. 
